Abstract. Empirical studies on the evolution of concentration, specialization or localization of economic activity have provided ambiguous results that strongly depend on the researcher's choice of the reference. This paper develops a decomposition method for Theil indices of localization that clarifies where this ambiguity originates from. The method allows expressing the difference between absolute and relative Theil indices of localization in terms of Theil indices that are subject to straightforward interpretation. Illustrations show that the divergence of absolute from relative localization in the EU-15 and in UK manufacturing is largely a statistical artifact inherited from the peculiarities of the industry classifications.
Introduction
New economic geography predicts that economic activity can be expected to become more agglomerated in the course of economic integration. Numerous studies have explored empirically whether industries have indeed become more concentrated across regions, regions more specialized across industries, or both.
1 Many of these studies have explored these questions by using statistical measures of the concentration of an industry across regions, the specialization of a region across industries or the localization of an economy across regions and industries. A concentration measure compares the observed regional distribution of economic activity of an industry (employment or value added) to a reference distribution across regions that is taken to represent no concentration. Similarly, a specialization measure compares the observed industrial distribution of economic activity in a region to a reference distribution across industries that is taken to represent no specialization. A localization measure integrates the regional and the industrial dimension: it compares the observed distribution of economic activity in an economy across both regions and industries to a no-localization reference distribution across regions and industries. All these measures map the differences between observed and reference distributions into a scalar index of concentration, specialization or localization. 2 Depending on the researcher's choice of reference, these measures may give rise to diverging inferences about the changes of concentration, specialization or localization over time. Using the two references used most frequently in the literature, the so-called 'absolute' and 'relative' references, Krieger-Boden and Traistaru-Siedschlag (2008) , for example, find that localization increases if evaluated against an absolute reference but decreases if evaluated against a relative reference. Brakman et al. (2005) and Bickenbach et al. (2010) also find that localization changes in opposite directions for absolute and relative references. 3 The absolute reference establishes a time-invariant benchmark where all industries and all regions are of equal size. Absolute localization will, for example, increase over time if the smaller industries and regions in the sample become even smaller over time while the larger industries and regions become even larger. The relative reference establishes a time-varying benchmark where each region features the same industry composition as the country under study as a whole, or, equivalently, where the regional distribution of each industry is the same as that of the aggregate economy. Relative localization will, for example, decrease over time if the regions in the sample become, on average, more similar to each other in terms of their industry compositions, or, equivalently, if the industries become more similar to each other in terms of their regional distributions. 4 What is there possibly to be learned about the evolution of the concentration, specialization or localization of economic activity, if measures generate opposite results for different references? Combes and Overman (2004) suggest solving this problem by careful choice of the reference, guided by theoretical considerations. While it is hard to disagree with this suggestion, a theoretical framework that unambiguously suggests a single reference may not always be available. It will therefore be helpful to formally investigate why these measures yield such different results for different references and, more generally, how the different measures relate to each other. This has not been done so far. Some authors attempt explaining this discrepancy based on anecdotal evidence and tentative evaluations. Brakman et al. (2005) , for example, suggest that the discrepancy between their absolute and relative measures may result from the increasing importance of services, which drives regions away from the time-invariant absolute specialization benchmark but not from the time-varying relative specialization benchmark. Bickenbach et al. (2010) also suggest that the discrepancy should be related to structural changes in the industrial dimension. None of these studies, however, explores the causes of this discrepancy systematically.
The present paper fills this gap by developing a methodology to formally compare localization measures with different references to each other. The methodology employs a somewhat unconventional decomposition technique. 5 We split up each of the two measures to be compared into two components. One component, which we call the 'common' component of our decom-2 In the literature, various inequality measures such as the Theil index, the Gini coefficient, the coefficient of variation, or the relative mean deviation (Krugman index) have been used for this mapping (Bickenbach and Bode 2008) . In addition to these inequality measures, dartboard measures (Ellison and Glaeser 1997; Ellison et al. 2010) , and statistics related to Ripley's K (Duranton and Overman 2005; Marcon and Puech 2010) have been used to measure concentration (also see Combes et al. 2008) . While these additional measures have some conceptual advantages over the inequality measures (Combes and Overman 2004; Duranton and Overman 2005) , their data requirements are much larger. Besides, there is no natural generalization of these concentration measures to measures of specialization or of localization.
3 A variety of other studies that investigate specialization tend to support these results. Aiginger et al. (1999) , Aiginger and Davies (2004) , and Aiginger and Rossi-Hansberg (2006) report increasing absolute specialization while Molle (1997 ), Hallet (2000 , Gorter (2001) and Ezcurra et al. (2005) report decreasing relative specialization. 4 This intuitively appealing property of the relative indices plays an important role in the approach we propose in this paper.
5 Unlike those of the conventional decomposition for the Theil index (Cowell 2000; Bickenbach and Bode 2008) , the Theil indices resulting from our decomposition cannot be interpreted as within and between components.
position, is independent of the reference and common to both measures. The other component, which we call the 'specific' component, can be interpreted as capturing the effect of the respective reference and is specific to each measure. This allows us to trace the difference between the two measures back to the difference between their specific components alone.
We also show that both the common and the specific components have meaningful economic interpretations. This methodology thus goes beyond identifying the causes of the differences between the measures. By formally linking localization measures that evaluate a given distribution of economic activity from different angles (references), it may also help in gaining additional information on the structural characteristics of the economy under study that the individual localization measures do not reveal. In this paper, we focus on measures based on the Theil index. Using the Theil index allows to 'additively decompose' the original indices into the common and the specific component, which themselves consist of Theil indices. This greatly facilitates intuitive interpretations of the common and specific components. Unfortunately, our decomposition technique cannot be directly extended to other localization measures such as the Gini index or the coefficient of variation. Still, its qualitative implications are relevant for all these measures, as we will argue in the Conclusion.
The methodology we propose allows comparing Theil localization indices with any references that are separable in the industrial and the regional dimension. In addition to the absolute and relative references used frequently in the literature, such references include a variety of other relative references. They include, for example, the observed industrial and regional employment aggregates of a specific fixed year (e.g., the first year of the observation period as in Bickenbach et al. 2010) , the topographic reference that accounts for the areal sizes of regions (Brülhart and Traeger 2005) , the industrial specialization pattern of any other country used as benchmark for the country under study, or references drawn from higher-level aggregates of the industries and regions in the sample (Bickenbach et al. 2010) . They also include hypothetical references determined, for example, by simulations of a theoretical model. In this paper, we introduce our methodology for the general case of arbitrary references but focus the empirical illustrations on Theil localization indices with the two most prominent references, namely the absolute and relative reference.
Section 2 explains our method of comparing Theil indices of localization for the general case with arbitrary references and for the two cases with specific absolute and relative references for which we provide empirical illustrations. Section 3 provides the two empirical illustrations. It explores the evolution of localization across all 15 industries and all 195 NUTS 2 regions in the EU-15 from 1980 to 2003, and that across eight manufacturing industries and 37 NUTS 2 regions in the UK from 1980 to 2003. Both illustrations show that it is in fact the change in aggregate specialization that causes absolute and relative localization measures to change in opposite directions over time. Section 4 concludes.
Comparing Theil localization indices with different references

Preliminaries
Consider an economy such as the EU that comprises a set I of industries, indexed by i = 1, . . . , I, and a set R of regions, indexed by r = 1, . . . , R. Let the variable of interest be employment in each region-industry, Lir.
6 With this notation, we define the absolute Theil index (T abs ) of localization across all industries in I and all regions in
and the corresponding relative
where LiR := Sr∈RLir denotes total employment in industry i, LIr := Si∈ILir total employment in region r, and LIR := Si∈ISr∈RLir total employment across all industries and regions.
Observe that (1) and (2) differ from each other only in the first terms within the logs, which reflect the different references of the two measures (Bickenbach and Bode 2008) . For the absolute Theil index (1), the reference is 1/(IR), which is the same for all industry-regions (ir). The absolute index is thus a measure of the dissimilarity of the actual distribution of employment across industries and regions and the uniform distribution. For the relative Theil index (2), the reference is drawn from the observed aggregate employment shares of the respective industries (LiR/LIR: i ∈I) and regions (LIr/LIR: r ∈R). This index measures how dissimilar the regions in the sample are from each other in terms of their industry compositions, or, equivalently, how dissimilar the industries are from each other in terms of their regional distributions.
7
Since Theil indices of localization like those in (1) and (2) differ only in their references, the first terms within the logs, we define a generalized Theil index of localization as:
where Pir = PiPr denotes some arbitrary reference that is separable into an industrial (Pi) and a regional component (Pr), with Si∈IPi = Sr∈RPr = 1. By setting Pir = 1/(IR), we obtain the absolute Theil index in (1), and by setting Pir = LIrLiR/(LIR) 2 , we obtain the relative Theil index in (2). 
General case
This subsection explains our decomposition approach for comparing Theil localization indices to each other for the general case of (3) while subsection 2.3 uses this approach for deriving the difference between the absolute and relative indices used in our empirical illustrations. The approach requires decomposing each of the two indices to be compared in a non-conventional way into two components, which themselves consist of Theil indices. This decomposition is accomplished, for the general index (3), by expanding its log-term by what we call the 'internal' reference. This reference is, like the relative reference introduced above, drawn from the aggregates of all regions and industries considered by the index, and is given by 7 The relative measure is thus zero (no localization) if all regions have the same industry composition as the aggregate economy, or equivalently, if all industries are distributed across regions in the same way as total employment. 8 This definition is in line with that in Bickenbach and Bode (2008) . We ignore, however, their distinction between references (Pir) and weights (wir) by setting Pir = wir. This requires imposing the additional restriction Si∈IPi = Sr∈RPr = 1 here since the weights must sum up to one. Because of the scale invariance of the Theil index, this additional restriction on the reference does not affect the choice of the reference in any way, however.
9 In addition to these examples, the generalized index (3) comprises Theil indices with all the references mentioned in the introduction.
Pir* = LIrLiR/(LIR)
2 . We label this particular reference internal reference to not mix it up with other relative references but keep in mind that it is the same as the relative reference used frequently in the literature. The expansion gives,
and, after simplifying the second and third terms on the
The first term on the right-hand side of (4), T IR * , is the common component, which is independent of the reference of the original index (3) and is the same for all indices T IR Π that may be compared to each other by the approach proposed here. As it evaluates the industries and regions in the sample against the internal reference, we label this measure the Theil index of internal localization. The attribute 'internal' helps, on the one hand, in not mixing this index up with other relative Theil indices. On the other hand, the attribute nicely illustrates that this index measures how dissimilar the industries (regions) are from each other in terms of their regional (industrial) distributions.
The remaining two Theil indices on the right-hand side of (4) are the specific component.
, is the Theil index of specialization of the aggregate economy (sum over all regions) across the industries in the sample. It measures how similar the industry composition of the economy on aggregate (LiR/LIR: i∈I) is to the industrial reference,
, is the Theil index of concentration of the region aggregates (sum over all industries) in the sample. It measures how similar the size distribution of the regions (LIr/LIR: r∈R) is to the regional reference, Pr. Note that these specialization and concentration indices are just the betweenindustries and between-regions components obtained from conventional decompositions of the Theil index of localization in (3) by industries or by regions, respectively (see Bickenbach and Bode 2008) .
The appeal of this decomposition method is that it yields components that are themselves Theil indices and that can be interpreted straightforwardly to gain deeper insights into the determinants of a Theil index of localization. The common component reveals to what extent the index is driven by the dissimilarity within the sample, that is, by the dissimilarity of the industries and regions from each other, while the specific component reveals to what extent the index is driven by the choice of the references, namely, by the dissimilarity between the sample aggregates and the particular industrial or regional references. This interpretation is facilitated by two features of our decomposition. The first is the choice of the internal reference as the reference for the common component. This reference, and the resulting localization index, does not only have an intuitively appealing interpretation, the reference is actually the only reference that ensures the specific component to be comprised of Theil indices. 10 The second feature is the separability of the references in an industrial and a regional dimension. It facilitates exploring the consequences of the choice of the reference separately for each dimension, thereby reducing the dimensionality of the problem at hand. = for the second index, decomposing them in the way just described, and subtracting them from each other. This gives:
where the two terms in the first squared brackets on Equation (5) is the main result of this paper. It clarifies that the gap between any two Theil indices of localization does not depend on the dissimilarity of the industries and regions in the sample from each other. The gap rather depends only on the choice of the references, which manifests itself in the dissimilarities of the industrial and regional sample aggregates from the corresponding references. In empirical applications, (5) also indicates which of the four references, Π i
2 , are comparatively close to the corresponding sample aggregates, in which case the corresponding Theil index will be comparatively low, and which of them differ relatively strongly from the sample aggregates, in which case the corresponding Theil index will be comparatively high. The difference between the two specialization measures represented by ( T T
2 ) in (5), will, for example, be positive, if the industrial reference of the first Theil index of localization, T IR ( ) 1 , differs by more from the industrial composition of the aggregate economy than that of the second index, T IR ( ) 2 .
12 Even more interesting, (5) helps exploring which of the four references cause localization indices to diverge from each other over time. We will discuss this in detail in the empirical illustrations in Section 3.
Comparing absolute and relative localization to each other
Having introduced our method for the general case of Theil localization indices with any references that are separable in the industrial and the regional dimension, we now return to two specific cases, which we will illustrate empirically in Section 3.
Applying our decomposition method to the absolute and relative Theil indices of localization in (1) and (2) 
In (6) (7) are zero because the relative reference is equal to the internal reference in this case.
By subtracting (7) from (6) 
Equation (8) shows that the gap between the absolute and the relative Theil index of localization is independent of how dissimilar the regions and industries within the sample are from each other. It stems exclusively from the specific component of the absolute measure, namely, from how uneven aggregate employment is distributed across industries and regions.
14 In our second empirical illustration, we choose a case where the reference of the relative measure also differs from the internal reference, such that all elements of the specific components of our decomposition are non-zero. Such cases occur in localization studies that disaggregate the whole economy under study into subsets of industries and regions in order to explore how strongly the individual subsets contribute to the overall localization (e.g., Bickenbach et al. 2010) . The disaggregation of the relative localization measure for the whole economy 15 results in subset-specific relative localization measures that compare the distribution of economic activity in the subsets to the aggregates of the whole economy rather than to the aggregates of the subsets.
16
In our illustration, we explore for the subset of the manufacturing industries in the regions of the UK if absolute and relative localization have evolved in the same directions as those in the EU-15 as a whole, and if the gap between absolute and relative localization has been driven by the same factors. Denoting the subset of industries in the manufacturing sector by M, the subset of regions in the UK by U and the number of these industries and regions by M and U, respectively, the absolute Theil index of localization of UK manufacturing is
14 Equation (8) also shows that the absolute localization is always greater than (or equal to) the relative localization in the case of measurse (1) and (2) because Theil indices are strictly non-negative. 15 This disaggregation is achieved by the conventional decomposition of the relative Theil index of localization of the EU-15 in (2) by sectors (agriculture, manufacturing, services) and countries (see Bickenbach and Bode 2008) . It yields a within component that is the weighted average of the sector-country specific relative Theil indices of localization (with references based on EU-15 employment aggregates) and a between component that is the relative Theil index of localization across all sector-country-specific subsets (which is zero in this specific case). 16 Retaining the aggregates of the whole economy as the common reference for all the subsets ensures that the localization measures for the subsets are comparable to each other and to the measure for the whole economy. LMU = Si∈MSr∈ULir denotes total employment in UK manufacturing, LIr/LIU the share of total employment of UK region r in total employment in the UK, and LiR/LMR the share of manufacturing industry i in total manufacturing employment in the EU-15 on aggregate. The absolute index in (9) compares, like that in (1), the employment shares of the region-industries in the sample to the uniform distribution. It covers only the subset of manufacturing industries in UK regions, however. The employment shares are the shares in total manufacturing employment in the UK, Lir/LMU, rather than those in total employment in the EU-15, and the corresponding references are 1/(MU) rather than 1/(IR). And the relative index in (10) compares, like that in (2), the employment shares of the region-industries to a relative reference, drawn from some sample aggregates. This reference is, however, not the internal reference because it is drawn from the full sample of all industries and all EU-15 regions rather than only from the aggregates of UK manufacturing. Our decomposition of (9) and (10) into common and specific components requires expanding the log terms by the internal reference for UK manufacturing, LiULMr/(LMU) 2 . Being drawn solely from the subsample aggregates, this reference is akin to the relative reference typically used in studies that focus only on UK manufacturing data. Our decomposition yields for the absolute Theil index of localization of UK manufacturing in 
Subtracting (12) from (11) gives, finally,
The two terms in the first squared brackets on the right hand side of (13) are the absolute and the relative Theil index of specialization of aggregate UK manufacturing across industries. They indicate how strongly the industry composition of manufacturing in the UK differs from the uniform distribution and from the industry composition of manufacturing in the EU-15 on aggregate. And the two terms in the second bracket are the absolute and the relative Theil index of concentration of aggregate UK manufacturing across regions. They indicate how strongly the regional distribution of aggregate manufacturing in the UK differs from the uniform distribution and from the regional distribution of total employment in the UK. Equation (13) shows, again, that the gap between absolute and relative localization of UK manufacturing is independent of how dissimilar the regions and industries are from each other. It depends only on how strongly aggregate UK manufacturing differs from the absolute and relative references.
Empirical illustration
We illustrate the relationships between relative and absolute measures discussed in the previous section by two empirical examples based on a panel data set of industrial and regional employment compiled by Cambridge Econometrics. 18 For our illustration, we first consider the localization of overall EU-15 employment (all 15 industries and 195 regions) and then focus on that of UK manufacturing (8 industries and 37 regions).
Overall EU-15 localization
The bars in Figure 1 The three sectors comprise the following industries: Sector 1, agriculture, comprises just one industry: agriculture, forestry and fishing. Sector 2, manufacturing, comprises: mining and energy supply; food, beverages, and tobacco; textiles and clothing; fuels, chemicals, rubber, and plastic products; electronics; transport equipment; other manufacturing; and construction. Sector 3, services, comprises: wholesale and retail; hotels and restaurants; transport and communication; financial services; other market services; and non-market services. 18 The countries are Austria (9 regions), Belgium (11), West Germany (30), Denmark (3), Spain (18), Finland (5), France (22), Greece (13), Ireland (2), Italy (20), Luxembourg (1), the Netherlands (11), Portugal (5), Sweden (8), and the United Kingdom (37).
Fig. 1. Absolute and relative localization in the EU-15
Note: Theil indices of localization, decomposed in the way described in Equations (6) and (7). relative measures has been observed repeatedly but left largely unexplained in the literature (see Section 1). To explore the reasons for this divergence, we decompose the two localization measures in the way described in subsection 2.3. Since the relative localization is equal to the internal localization in this example, the specific component of the relative localization is zero, and the difference between absolute and relative localization is given by the specific component of the absolute localization alone (see Equation 8 ). The bars for absolute localization in Figure 1 represent the three components that result from this decomposition. The lower parts of the bars represent the internal localization of the EU-15, T IR * in (8) indicates that the industrial specialization patterns of the regions converged (on average) towards each other. Equivalently, it indicates that the regional concentration patterns of the industries converged towards each other. The absolute concentration of aggregate employment across regions (middle part of the bars) is of considerable magnitude, which indicates that the regions differ considerably in their employment sizes. It did not change much over time, however, which indicates that net migration of workers from smaller to larger regions was not the source of the divergence between absolute and relative localization. This divergence was rather caused only by the increase of absolute specialization of the EU-15 across industries (upper parts). This specialization increased considerably from 0.27 in 1980 to 0.46 in 2003, which indicates that the distribution of employment across industries diverged increasingly from the uniform distribution. Smaller industries that accounted for less than 1/15 of total employment in the EU-15 tended to become even smaller while larger industries that accounted for more than 1/15 of total employment tended to become even larger.
What are the economic lessons to be drawn from this increase in absolute specialization in the EU-15? Even though the empirical observation that absolute specialization and, as a consequence, absolute localization increased over time may be interesting per se, it is actually of little use for identifying the economic forces that drive the changes in the distribution of economic activity (Combes and Overman 2004) . The fact that structural change leads to an increase of absolute specialization is largely a measurement artifact. It is an immediate consequence of the characteristics of industry classifications, which are, ultimately for historical reasons, finer for the shrinking manufacturing industries than for the growing service industries. As a consequence, the shares of manufacturing industries are typically not only smaller than the shares given by the uniform distribution, but they are also further decreasing over time. By contrast, the shares of service industries are typically larger than those given by the uniform distribution, and are further increasing over time. The Cambridge Econometrics database distinguishes eight manufacturing industries but only six service industries, even though manufacturing accounted for only about one third of total employment in the EU-15 in 1980 (one quarter in 2003) while services accounted for 55 per cent (71%). All of the eight manufacturing industries witnessed decreasing shares in total employment between 1980 and 2003, while five of the six service industries witnessed increasing shares. This is not a problem specific to the Cambridge Econometrics database but a problem inherent in most standard industry classifications. For example, in the European NACE (Rev. 2) industry classification, manufacturing and services account for about 46 per cent of the 615 4-digit industries each even though services accounted for more than 70 per cent and manufacturing for less than 25 per cent of total (EU-15) employment in 2008.
One could of course aggregate over some of the smaller manufacturing industries to make industries more equally sized. But this would not remove the 'arbitrariness' inherent in inferences drawn from absolute localization, specialization, or concentration measures. One should rather explicitly control for the size differences between the industries or regions by using relative measures. Even though these relative measures are not entirely immune to the delineation of industries or regions, 19 inferences drawn from relative concentration, specialization or localization measures are significantly less affected by the arbitrariness of these delineations. However, adopting time-varying (e.g., contemporaneous) references, relative measures are unable to reflect aggregate employment shifts between industries or regions, including, for instance, the general EU-wide trend away from agriculture and manufacturing industries towards services industries. As an alternative one may therefore use measures with references that are time-invariant and still control for industry and region sizes. Bickenbach et al. (2010) , for example, use the observed industrial and regional employment aggregates in the initial year as time-invariant references for all years under study. This allows them to explore the extent of aggregate industrial and regional structural changes in the EU while accounting for the arbitrariness of the industry and region classifications.
Localization of UK manufacturing
The second illustration focuses on the subset of manufacturing industries in UK regions to explore whether absolute and relative localization evolved in the same directions as those in the EU-15 as a whole, and whether the gap between absolute and relative localization was also driven by the characteristics of the industry classification. 20 To explore the forces that drive this increasing gap between absolute and relative localization, we again decompose the absolute and the relative measure into the three components (Equations 11 and 12): the internal localization of UK manufacturing (lower parts of the bars in Figure 2 ), the concentration of UK manufacturing across regions (middle parts), and the specialization of UK manufacturing across industries (upper parts). 19 Relative measures are (like absolute measures) subject to, for example, the modifiable areal unit problem (Arbia 1989; Combes and Overman 2004) in general and aggregation biases more specifically. Industry or region aggregates may be delineated improperly, and the existing variety may be buried within these aggregates. 20 The relative localization decreased only during the 1980s but increased slightly during the 1990s, though. The internal localization, which is common to the absolute and the relative measure, decreased considerably from about 0.09 in 1980 to about 0.05 in 2003. The UK regions became, on average, more similar to each other with respect to the industrial compositions of their manufacturing sectors, and the UK manufacturing industries became more similar to each other with respect to their regional distributions. Turning to the specific components of our decomposition, we observe that, like in the illustration for the EU as a whole, the changes in the concentration (middle parts of the bars in Figure 2 ) did not contribute to increasing the gap between absolute and relative localization. On the contrary, these changes contributed to reducing the gap. The difference between absolute and relative concentration of UK manufacturing across regions, ( T  T   abs 21 This reduced the deviation of the observed regional distribution of UK manufacturing from the absolute reference. By contrast, relative concentration increased slightly because the employment share of manufacturing tended to decrease more in some of the (larger) regions where it had already been underrepresented in the early 1980s (e.g., London).
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It is thus again the third component of the localization measures, the specialization across industries (upper parts of the bars in Figure 3 .2), that is responsible for the divergence between absolute and relative localization. Absolute specialization was so much higher than relative specialization because it does not take into account the specifics of the underlying industry classification. The size distribution across the UK manufacturing industries differed much stronger from the uniform distribution than from the size distribution across manufacturing industries in the EU-15 already in 1980. And absolute specialization grew so much faster since then because several of the smaller industries, such as mining and textiles, contracted much faster than larger industries, such as construction. 23 This illustration shows that it is not only the structural changes between manufacturing and service sectors that drives a wedge between absolute and relative localization measures. It is also the structural changes among the manufacturing (or service) industries that may cause absolute and relative localization measures to move in opposite directions.
Conclusion
Existing studies on the evolution of concentration, specialization or localization of economic activity yield ambiguous results about whether or not industries become more concentrated across regions, regions more specialized across industries, or both. This paper develops a 21 Manufacturing employment more than halved in several large regions such as London and the West Midlands but increased in several small regions such as Lincolnshire and Cornwall. 22 Relative concentration has generally been much lower than absolute concentration because the regional distribution of manufacturing differed less from that of total employment than from the uniform distribution. Regions that were larger in terms of total employment just used to be larger also in terms of manufacturing employment. 23 The increase of relative specialization, in fact, indicates that the specialization patterns of manufacturing in the UK diverged somewhat from those in the EU-15 on aggregate. This divergence can be observed for several other West European countries as well (Bickenbach et al. 2010) .
methodology that provides insight into why absolute and relative measures frequently evolve in opposite directions. By decomposing Theil indices of localization in a new way, it shows that the difference between an absolute and a relative localization measure does not depend on how strongly the industrial specialization patterns of the regions or the regional concentration patterns of the industries in the sample differ from each other. It depends only on how strongly the industrial specialization patterns and the regional concentration patterns of the aggregate economy differ from the corresponding references. The paper shows for two examples that the divergence between absolute and relative measures originates mainly from the industrial dimension. It is caused mainly by the divergence of the industrial specialization patterns of the aggregate economy from the absolute reference, which assumes all industries to be of equal size. This divergence is largely a statistical artifact inherited from the specifics of available industry classifications. Most industry classifications do not, or at best only very imperfectly, adjust to systematic changes in the industry compositions of growing economies. They neither split up modern, growing industries nor do they merge mature, shrinking industries. As a consequence, industry classifications are coarser for modern industries especially from the service sector than for mature industries especially from the manufacturing sector. And these artificial size differences increase over time as the large, modern industries grow and the small, mature industries shrink in about every modern economy. The examples in Section 3 show that this effect is not limited to the structural change between manufacturing and service industries but is also relevant for the structural change across industries within the manufacturing sector.
While this paper focuses on the absolute and relative localization measures used most frequently in the literature, the decomposition method it proposes can be applied in exactly the same way for measures with any references that are separable in the industrial and the regional dimension. It may, for example, be used to explore the consequences of choosing 'unconventional' references such as references derived from specific theoretical considerations or from benchmarking. Systematically evaluating an observed distribution of economic activity from different angles (references) may yield new insights into the structural characteristics of the economy under study.
The paper moreover focuses on the Theil index. Unfortunately, the neat and intuitively appealing additive decomposition we propose for the Theil index does not extend easily to other members of the general entropy class of inequality indices, to the Gini index or to the coefficient of variation. Still, the qualitative findings of this decomposition extend beyond the Theil index. Even if the Theil index is not the preferred measure, using it for the specific purpose of exploring the gap between measures with different references may yield valuable insights into the causes of this gap, or into the structural characteristics of the economy under study more generally. 
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. An industry contributes strongly to those gaps, if its regional distribution differs much more from one reference than from the other, and if its share in total employment, LiR/LIR, is large.
To derive (A1), we combine the decomposition proposed in this paper with conventional decompositions of Theil localization indices into within and between components (see Bickenbach and Bode 2008) . More specifically, to obtain the first term on the right-hand side of (A1), we decompose each of the two localization indices, T IR 
where P stands alternatively for the first reference, P
(1) , the second reference, P (2) , or the internal reference. The first summand in (A2), the within regions component, is the weighted average of the region-specific Theil indices of specialization. These specialization indices measure by how much the industry composition of each region in the sample differs from the respective industrial reference. The second summand, the between regions component, is the familiar Theil index of concentration of the economy on aggregate. This index is zero for the index of internal localization.
Equating (A2) to the result of our decomposition of the respective index, given by Equation 
2 , is just the weighted average of the gaps between the corresponding region-specific specialization indices.
Similarly, to obtain the second term on the right-hand side of (A1), which helps identify the industries that contribute particularly strongly to the gap between the localization indices of interest, we decompose T IR 
